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(57) An apparatus 12 for reducing the amount of car- 
toon particles PM adopts a plurality of filters 13 having a 
wire mesh structure. This reducing apparatus 1 2 for car- 
bon particles is caused to capture and accumulate the 
cartx>n particles PM contained in the exhaust gas 1 of 
a Diesel engine 11, and oxidizes and bums the carbon 
particles PM so that these can be reduced and eliminat- 
ed. Further, the redudng apparatus 12 for carbon parti- 
cles is constructed in such a manner that R adheres to 



and is coated on the wires of each filter 13, and filters 
having different densities are provided. Spaces 14 are 
also provided in the lateral directk>n between the filters, 
and an auxiliary section 15 with a honeycomb core 16 
is inserted between the spaces 14, wherein Ft adheres 
to and coated on the honeycomb core 16. In this man- 
ner, the reducing apparatus 12 for cartx^n particles is 
adjusted so that a capture ratio and/or an elimination 
ratio of the cartx>n particles PM are set to at>out 5% ~ 
80%, e.g., about 60% ~ 80%. 



FIG. 1 
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Description 

[0001] The present invention relates to an apparatus 
for reducing cart>on particles. More particularly, the 
present Invention relates to a carbon particle reducing 
apparatus which can capture and accumulate carbon 
particles such as soot and smolce contained in the ex- 
haust gas of, for example, a Diesel engine, then allow 
the carbon particles to oxidize and bum, therek)y reduc- 
ing and/or eliminating them. 

Description of the Prior Art 

[0002] Contained in the exhaust gas of a Diesel en- 
gine are fine particles of carbon. I.e. carton particles PM 
(Particle Matter), which are the soot and snioke gener- 
ated by incomplete combustion of a fuel. 
[0003] If such carbon particles PM are directly dis- 
charged to the open air, these become a pollutant and 
are harmful. It is therefore an important theme to reduce 
or eliminate the carbon particles. 
[0004] Fig. 4 Is an explanatory cross-sectional view 
showing an eliminating apparatus for the carbon parti- 
cles PM according to the prior art of this kind. An exhaust 
pipe 2. 3 for exhaust gas 1 emitted from a Diesel engine 
is provided with a catalytic converter 4 therebetween. 
The catalytic converter 4 is provided with a purifier 5 for 
purifying CO, HC, etc. and an eliminating apparatus 6 
for the carbon particles PM In that order. 
[0005] The purifier 5 has a honeycomb core 7 provid- 
ed with cell walls 8 which are caused to adhere and are 
coated with an oxidation catalyst such as Pt. The purifier 
5 Is caused not only to oxidize, bum, and then eliminate 
CO, HC, etc., but also to allow NO in the exhaust gas 1 
to oxidize to NO- 



'2 

[0006] The eliminating apparatus 6 for the cartoon par- 
ticles PM has a high-density porous filter 9 made of ce- 
ramics provided with pore walls 10 which are caused to 
adhere and are coated with an oxidation catalyst such 
as R. The eliminating apparatus 6 Is caused not only to 
capture and accumulate the carix)n particles PM in the 
exhaust gas 1. but also to oxidize, bum. and then elim- 
inate the cart>on particles PM. 

((First problem)) 

[0007] The following problems have been pointed out 
In the prior art. First. The eliminating apparatus 6 for the 
carbon particles PM of the catalytic converter 4 is easily 
broken in use. 

[0008] Namely, the high-density porous filter 9 made 
of ceramics is employed in the conventional eliminating 
apparatus 6. wherein a large amount of carbon particles 
PM, after being captured and accumulated by each pore 
wall 10 of the filter 9. has been oxidized, bumed, and 
then eliminated all together. In this case, a capture ratio 
and/or an elimination ratio of the carbon particles PM 
amounted to 95% or more. Since the large amount of 



carbon particles PM captured and accumulated In such 
a manner are intensively oxidized and burnt all together, 
a sharp rise in temperature occurs, and the maximum 
temperature almost reaches about 1,200 K. 
5 [0009] Thus, in the conventional eliminating appara- 
tus 6 for the carbon particles PM, there is a problem that 
the filter 9 will be broken under such a high temperature 
in use. 

10 ((Second problem)) 

[0010] The life of the conventional eliminating appa- 
ratus 6 for carbon particles PM is short. 
[0011] Namely, it was expected that this eliminating 
IS apparatus 6 would be regenerated in order to be con- 
tinuously used thereafter. Namely, once the filter 9 oxi- 
dizes, burns, and then eliminates the captured and ac- 
cumulated cart>on particles PM, the filter 9 is regener- 
ated to repeat a cyde of capture of new carbon particles 
20 PM, accumulation, oxidization, buming. and then elimi- 
nation. Thus, the filter 9 was expected to repeat a series 
of cycles of regeneration, capture, accumulation, oxidi- 
zation, buming. and elimination in that order. 
[0012] But, as mentioned above, the heat breakage 
25 of the filter 9 of this eliminating apparatus 6 under high 
temperature readily occurs and the filter 9 has been de- 
stroyed in about a week. Accordingly, the filter 9 has a 
drawback because of its extremely short life, and the 
cost burden is heavy. 

30 

((Third problem)} 

[0013] Thirdly, it is pointed out that sulfur (S) con- 
tained In the exhaust gas 1 may affect the capture, ac- 
35 cumulation, oxidization, buming, and elimination of the 
cartx>n particles PM. 

[0014] Namely, the sulfur (S) In the petroleum remains 
In the exhaust gas 1. About 500 ppm of Sulfur (S) are 
now contained in the exhaust gas 1 , but it will be reduced 

40 to about 50 ppm in the future. It has therefore been point- 
ed out that sulfur (S) fomns sulfate SO42 In the eliminat- 
ing apparatus 6 for carbon particles PM, adheres to the 
carbon particles PM, and causes clogging, etc. 
[0015] As a result, it has been difficult to capture, ac- 

45 cumulate, oxidize, bum and then eliminate the cartx}n 
particles PM In the filter 9. In particular, the problems 
caused by the sulfur (S) are obvious in the exhaust gas 
1 containing a high concentration of sulfur (S) of about 
500 ppm or the exhaust gas 1 containing a large amount 

50 of carbon particles PM. 

[0016] In the catalytic converter 4, the purifier 5 situ- 
ated on the upstream side thereof causes nitrogen oxide 
NO to oxidize to nitrogen dioxide NO2 which is then sup- 
plied to the eliminating apparatus 6 for the caritx^n par- 

55 tides PM on the downstream side. 

[001 7] The nitrogen dioxide NO2 has a function of ac- 
celerating oxidization and burning, and elimination of 
the carbon particles PM in the eliminating apparatus 6 
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and thus is expected to considerably solve the problems 
caused by sulfur (S) described above. 
[0018] Such a function of nitrogen dioxide NO2 is ex- 
hibited at a temperature level of about 600 K. However, 
as described above, in the conventional eliminating ap- 
paratus, a sharp temperature rise up to about 1 ,200 K 
is observed. Accordingly, it has been almost impossible 
to cause the nitrogen dioxide NO2 to exhibit such a func- 
tion. 

[0019] A reducing apparatus of the present invention 
was developed to solve the problems found in the prior 
art and is characterized in that one or more filters pro- 
vided with a wire mesh mechanism is adopted therein. 
[0020] The reducing apparatus is also characterized 
in that an oxidation catalyst such as platinum is coated 
on and caused to adhere to the filters and a plurality of 
filters with different mesh density is provided. A space 
and an auxiliary section are also provided in a lateral 
direction between each filter, and a capture ratio and/or 
an elimination ratio of the carbon particles are set to 
about 5% — 80%, for example, about 60% 80%. The 
reducing apparatus is also characterized in that nitrogen 
dioxide supplied from a purifier situated on the upstream 
side is utilized, or cerium and an oxidation catalyst such 
as platinum are used as a fuel additive of which the ad- 
dition is controlled by one or more backpressure sen- 
sors. 

[0021 ] It is the refore an object of the present invention 
to provide an improved apparatus for reducing cartx)n 
particles which first, can prevent heat breakage, sec- 
ondly, is superior in durability, and thirdly, can avoid 
harmful influence due to sulfur. 

((Claims)) 

[0022] The following are technical means for solving 
the above problems. 

[0023] With reference to claim 1 , an apparatus for re- 
ducing cart)on particles Is provided, in which one or 
more filters having a wire mesh stnjcture is provided 
which is caused to capture, oxidize, and then eliminate 
the carbon partk^es such as soot and smoke in the ex- 
haust gas. 

[0024] With reference to claim 2, the apparatus for re- 
ducing carbon particles according to claim 1 is charac- 
terized in that one or more filters comprise a wire mesh 
structure of which the wires made of metal such as stain- 
less steel are meshed. The filters are housed in an outer 
cylindrical casing and caused to capture and accumu- 
late the carbon particles contained in the exhaust gas 
of a Diesel engine from anrK)ng the passing exhaust gas, 
oxidize and bum the carbon particles, thereby reducing 
and/or eliminating the carbon particles. The filters are 
regenerated in order and then continuously used there- 
after. 

[0025] With reference to claim 3, the apparatus for re- 
ducing carbon particles according to claim 2 is provided, 
in which an oxidation catalyst such as platinum is coated 



on, and caused to adhere to wires of the filters. 
[0026] With reference to claim 4, the apparatus for re- 
ducing carbon particles according to claim 2 is provided, 
in which the filters are provided in plural number from 
5 the upstream side toward the downstream side, and fil- 
ters having a different mesh density are used. 
[0027] With reference to claim 5, the apparatus for re- 
ducing carbon particles according to claim 4 is provided, 
in which some filters are provided with a space in a lat- 
10 eral direction therebetween. 

[0028] With reference to claim 6, the apparatus for re- 
ducing carbon particles according to claim 5 is provided, 
in which some spaces provided in a lateral direction be- 
tween the filters are provided with an auxiliary section 
^5 therein. The auxiliary section has a honeycomb core 
made of metal such as stainless steel provided with cell 
walls to which an oxidation catalyst such as platinum is 
coated, and caused to adhere. 

[0029] With reference to claim 7, the apparatus for re- 
ducing carbon particles according to claim 4 is provided, 
in which the plurality of filters Is held within the outer 
cylindrical casing by providing a space between the fil- 
ters and the cylindrical casing. The filters are provided 
with an opening for communication at each central sec- 
tion. 

[0030] With reference to daim 8, the apparatus for re- 
ducing cart>on particles according to claim 2 is provided, 
in which a capture ratio and/or an elimination ratio of the 
carbon particles is set to about 5% ~ 80%, e.g., about 
60% - 80%. 

[0031 ] With reference to claim 9, the apparatus for re- 
dudng carbon particles according to daim 2 or daim 3 
Is provided, in which the apparatus is used together with 
a purifier provided on the upstream side of the outer cy- 
lindrical casing. 

[0032] The purifier has one or more honeycomb cores 
made of metal such as stainless steel provided with cell 
walls to which an oxidation catalyst such as platinum 
adheres and is coated. The honeycomb core Is caused 
not only to oxidize and bum cart>on monoxide CO and 
hydrocarbon HC contained in the exhaust gas to reduce 
and/or eliminate them, but also to allow nitrogen oxide 
to oxidize to nitrogen dioxide which is then fed to the 
downstream side. In this manner, oxidizatton and burn- 
ing, and reduction and/or elimination of the carbon par- 
tides in the filters are accelerated by the nitrogen diox- 
ide which has come to be contained in the exhaust gas. 
[0033] With reference to daim 10, the apparatus for 
redudng carbon partides according to daim 2 is provid- 
ed, in which the apparatus is used in combination with 
one or more supply sections for a fuel additive. 
[0034] The supply section can supply a Diesel engine 
with cerium and the oxidation catalyst such as platinum 
as the fuel additive. In this manner, capture and accu- 
mulation, oxidation and burning, and then reductk>n 
and/or elimination of the carbon particles in the filters 
are accelerated by the fuel additive which has come to 
be contained in the exhaust gas. 
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[0035] With reference to claim 11, the apparatus for 
reducing carbon particles according to claim 10 is pro- 
vided, in which one or more backpressure sensors are 
provided near the filters, and the supply section fs pro- 
vided In such a manner that the necessity of supply of 
the fuel additive and/or the amount of addition thereof 
are controlled based on a backpressure value detected 
by the backpressure sensor. 

((Operation)} 

[0036] Operation of the apparatus for reducing carbon 
particles according to the present invention will now be 
descrit>ed below. 

[0037] An exhaust pipe for exhaust gas from a Diesel 
engine or the like is provided therein with an apparatus 
for reducing carbon particles employing one or more fil- 
ters with a wire mesh structure. This reducing apparatus 
is caused to capture, accumulate, oxidize, bum. reduce 
and/or eliminate the carbon particles from within the ex- 
haust gas. 

[0038] A capture ratio and/or an elimination ratio of 
the carbon particles are set to about 5% - 80. e.g., 
about 60% - 80%. Setting and/or adjustment of this 
capture ratio and/or elimination ratio are realized, taking 
the content of the carbon particles In the exhaust gas 
into consideration, by a selective combination of (a) es- 
sential adoptton of one or more filters with a wire mesh 
structure, (b) adhesion and coating of an oxidation cat- 
alyst such as platinum to the filters, (c) adoption of a 
plurality of filters having different mesh densities, (d) 
spaces in a lateral direction between the filters, (e) in- 
sertion of an auxiliary section for the oxidation catalyst 
such as platinum into the spaces, etc. 
[0039] In the reducing apparatus for carbon particles, 
a small amount of the carbon particles is first captured 
and accumulated by the filters, and soon oxidized and 
bumt. under such a capture ratio and/or elimination ra- 
tio. 

[0040] Thus, the filters are controlled In the tempera- 
ture level of about 600 K (e.g., maximum temperature 
is about 900 K) and as a result, heat breakage is pre- 
vented. Further, since the filters are provided with a wire 
mesh structure, they are flexible and easily cleaned. 
Breakage can also be prevented from this aspect. 
[0041] Secondly, the filters repeat a cycle of capture 
and accumulation of the carbon particles ^ oxidization 
and burning -» reduction and/or elimination -> regener- 
ation in order to be continuously used. 
[0042] Thirdly, if one or more filters are used in this t 
reducing apparatus, it is also possible to reduce such a 
harmful influence that sulfur contained In the exhaust 
gas forms a sulfate, adheres to the carbon parttoles to 
make oxidization and buming difficult, and causes clog- 
ging or the like. £ 
[0043] What was first described above can be further 
ensured in combination with a purifier. The purifier has 
one or more honeycomb cores provided with cell walls 



to which an oxidation catalyst such as platinum is coat- 
ed, and caused to adhere. The honeycomb cores cause 
nitrogen oxide to oxidize to nitrogen dioxide thereby to 
accelerate oxidization and buming of the carbon parti- 
» cles in the filters of the reducing apparatus provided on 
the downstream side. 

[0044] What was secondly described above can be 
further ensured in combination with one or more supply 
sections for a fuel additive. The supply sections can be 

? controlled by one or more backpressure sensors provid- 
ed near the filters and supply a Diesel engine with ceri- 
um and an oxidation catalyst such as platinum as a fuel 
additive. In this manner, capture and accumulation, and 
oxidization and buming of the carbon particles in the fil- 

• ters are accelerated by the fuel additive in the exhaust 
gas of the Diesel engine. 

[0045] Thirdly, one or more filters can also be provid- 
ed within an outer cylindrical casing by providing a 
space between the filters and the casing, and the filters 
are further provided with an opening for communication * 
at the center position thereof. 

[0046] The above and other objects, features and ad- 
vantages of the present invention will become more ap- 
parent from the following description when taken in con- 
junction with the accompanying drawings. 
[0047] Fig. 1 is an explanatory cross-sectional view of 
a reducing apparatus for carbon particles according to 
one embodiment of the present invention; 
[0048] Fig. 2 is a front view explaining an entire ex- 
haust system of the reducing apparatus for carbon par- 
ticles according to the present invention; 
[0049] Fig. 3 is an explanatory cross-sectional view of 
a reducing apparatus for carbon particles according to 
another embodiment of the present invention; and 
[0050] Fig. 4 is an explanatory cross-sectional view of 
a conventional eliminating apparatus for carbon parti- 
cles. 

[0051] Preferred embodiments of the present Inven- 
tion will now be described with reference to the accom- 
panying drawings. Figs. 1 through 3 are provided to ex- 
plain the embodiments of the present Invention. 
[0052] Fig. 1 is an explanatory cross-secliorial view of 
one embodiment of the present invention and Rg. 2 is 
a front view explaining an entire exhaust system. Fig. 3 
is an explanatory cross-sectional view of another em- 
bodiment of the present invention. 
[0053] A catalytic converter 4 Is explained with refer- 
ence to Fig. 2. An Intemal combustion engine, e.g.. a 
Diesel engine 11 is widely used not only in automobiles, 
but also in power generation, marine vessels, locomo- 
tives, airplanes, various pieces of machinery or the like. 
[0054] Exhaust gas 1 discharged from the internal 
combustion engine, e.g.. the Diesel engine 11 contains 
cart>on monoxide CO. hydrocarik)on HC, nitrogen oxides 
NOx. cart>on particles PM. etc. 
[0055] If the exhaust gas 1 containing such a hamiful 
pollutant is directiy discharged to the open air. it is harm- 
ful to tiie human body and the environment. Accordingly, 
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for the purpose of preventing environmental pollution, 
an exhaust pipe 2, 3 for the exhaust gas 1 used in the 
Diesel engine 11 etc. is provided with a catalytic con- 
verter 4 or the like in the middle thereof. 
[0056] The catalytic converter 4 is generally formed 
in a cylindrical or square-pipe shape and inserted be- 
tween the exhaust pipe 2 on the upstream side and the 
exhaust pipe 3 on the downstream side. The catalytic 
converter 4 is detachably provided with a purifier 5 for 
cartx)n monoxide CO and hydrocarbon HC, and a re- 
ducing apparatus 12 for carbon particles PM in that or- 
der within an outer cylindrical casing 21. 
[0057] The purifier 5 has one or more honeycomb 
cores 7 provided with ceil walls 8 to which an oxidation 
catal^ such as FX is coated, and caused to adhere. The 
purifier 5 is provided to cause CO, HC, etc. contained 
in the passing exhaust gas 1 to oxidize and bum, there- 
by reducing and/or eliminating them. In addition, the pu- 
rifier 5 allows NO of NOx to oxidize to nitrogen dioxide 
NO2. 

[0058] The reducing apparatus 12 for carbon particles 
PM Is caused to capture and accumulate, and then ox- 
idize and bum the cartK>n particles PM contained in the 
passing exhaust gas 1, thereby reducing and/or elimi- 
nating the carbon particles PM. The catalytic converter 
4 is constnjcted as described in the above. 

((A reducing apparatus 12 for cartxm particles PM)) 

[0059] A reducing apparatus 12 for carbon particles 
PM is explained with reference to Rg. 1. The reducing 
apparatus 12 adopts one or more fitters IShavingawire 
mesh structure which are caused to capture and accu- 
mulate the carbon particles PM fix>m within the exhaust 
gas 1 oxidize and burn the carbon particles PM 
reduce and/or eliminate the carbon particles PM. Thus, 
the reducing apparatus 12 Is also regenerated and con- 
tinuously used thereafter. 

[0060] The reducing apparatus 12 will now be de- 
scribed below in detail. First, the carbon particles PM 
are generated by incomplete combustion of fuel in a Die- 
sel engine 1 1 (see Fig. 2) and consist of impure material 
of carbon fine particles, so-called soot and smoke which 
are cinders of the fuel. The filters 13 consist of a wire 
mesh structure in whk:h extra fine metal wires are ver- 
tically and laterally meshed in a fine and dense net form. 
The filters 13 are typically formed from metal such as 
stainless steel, but may be formed by a fibrously woven 
aggregate or a punched aggregate. 
[0061] The filters 13 of the reducing apparatus 12 can 
be formed in various ways as shown below: 

(a) The wire mesh structure descrit^ed above is 
adopted in common by one or more filters 13. 

(b) It is considered to have such a structure whereby 
an oxidation catalyst such as R adheres to the fil- 
ters 13 and the filters 13 are coated with the oxida- 
tion catalyst such as R. 



Namely, a structure is considered whereby one 
or more filters 1 3 with a wire mesh structure are pro- 
vided to serve as a body for holding an oxidation 
catalyst, wherein the wires are caused to hold a 

5 metal and a metallic oxide such as R, V, Cu or Mn 
as the oxidation catalyst by means of impregnation, 
application, adhesion, coating or the like. On the 
contrary, it is also possible that the oxidation cata- 
lyst is arranged not to adhere to the filters 13 and 

w the filters 13 are not coated with the oxidation cat- 
alyst. 

(c) A structure is also considered whereby a plural- 
ity of filters 13 having different mesh density is used 
in the reducing apparatus 12. Specifically, the plu- 

is rality of filters 13 with the wire mesh structure can 
be provided from the upstream side toward the 
down stream side, wherein the filters with different 
mesh density can also be combined as shown in 
the figures. The reason why the filters with different 
mesh density are used is to cope with the cartx}n 
particles PM vtnth different sizes. 

In the case where the total mesh density is, for 
example. 40% in one reducing apparatus 12, the 
filters 1 3 with intermediate mesh density of about 
10%, the filters 13 with sparse mesh density of 
at}out 5%, and the fitters 13 with very heavy mesh 
density of atx)ut 25% can be use by combining them 
in order, it is of course possible that a plurality of 
filters 13 with the same mesh density can be com- 
bined in the reducing apparatus 12. 

(d) In the case where the plurality of filters 1 3 is used 
in one reducing apparatus 12, spaces 14 can also 
be provkJed in a lateral direction between each filter 
13. 

Although the spaces 14 can be provided be- 
tween each filter 13, it is also possible to allow ad- 
jacent filters 13 to come Into contact so that no 
space is provided k^etween the filters 13. In Fig. 1, 
there are five (5) filters 13 in all and two (2) spaces 
14 are formed in a lateral direction. There are also 
two (2) locations where the filters 13 are in contact 
with one another. 

(e) In the case where one or more spaces 14 are 
provided in a lateral direction between each filter 1 3, 
it is possible to make the spaces 14 blank or to insert 
an auxiliary section 15 into one or more spaces 14. 
In Fig. 1 , one auxiliary section 1 5 only is Inserted in 
one space 14. 

[0062] This auxiliary section 15 makes each cell wall 
1 7 of a honeycomb core 16 made of metal such as stain- 
less steel a body for supporting an oxidation catalyst. 
The oxidation catalyst such as R is supported by the 
cell wall 17 by way of adhesbn and coating. Adhesion 
of and coating with the oxidation catalyst to the honey- 
comb core 16 is easier tfian the adhesion of and coating 
with the oxidation catalyst to the filter 13 with the wire 
mesh structure. 
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[0063] In the reducing apparatus 12 for carbon parti- 
cles PM, a capture ratio and/or an elimination ratio of 
the cartoon particles PM are set to about 5% 80%, 
typically about 60% ~ 80% by various combination of 
the filters 13 described In the above (a), (b). (c). (d) and 
(e). 

[0064] In the case where a conventional Diesel en- 
gine 11 of which the percentage content and a discharge 
ratio of the carbon particles PM is high is used, the cap- 
ture ratio and/or the elimination ratio are set to about 
60% — 80%. On the contrary, in the case where the lat- 
est Diesel engine 11 of which the percentage content 
and/or the discharge ratio of the carbon partides PM is 
low is used, the capture ratio and/or the elimination ratio 
are set to about 5% - 30%. 

[0065] As described above, the fitters 13 provided in 
the reducing apparatus 12 can be constmcted in various 
ways. Each of the capture ratio, elimination ratio, and 
filtration fraction is set to a predetermined value (%) by 
selectively selecting the structure of these (a), (b), (c), 
(d), and (e) in response to the content of carbon particles 
PM in the exhaust gas 1. 

[0066] For example, in the case where the oxidation 
catalyst such as R does not adhere to, and Is not coated 
[see (b)] on a plurality of filters 1 3 with a wire mesh staic- 
ture [see (a)], when the content of carbon particles PM 
In the exhaust gas 1 is large, the auxiliary section 15 is 
inserted between one or more spaces 14 [see (d)] pro- 
vided in a lateral direction between the plurality of fitters 
[see (c)] while when the content of the carbon particles 
PM is small, each space 14 is left blank as a vacant 
space [see (e)] regarding. 

[0067] The combination of the above (a), (b), (c). (d), 
and (e) Is made in various ways. For example, wtth ref- 
erence to the pluralrty of filters 13, it is also considered 
whether there is adhesion and coating of oxidation cat- 
alyst such as Pt, or whether there are spaces 14, irre- 
spective of the embodiments shown in the figures. 

((Operation, etc.)) 

[0068] The reducing apparatus 1 2 for carbon particles 
PM according to the present invention is constructed as 
described in the above. 

[0069] Contained in a floating condition in the exhaust 
gas 1 from the Diesel engine 11, etc are carbon particles 
PM such as soot and smoke. Accordingly, an exhaust 
pipe 2. 3 for the exhaust gas 1 is provided therein with 
a catalytic converter 4 provided with a reducing appara- 
tus 12 for the cart>on particles PM. 
[0070] The reducing apparatus 12 for carbon particles 
PM adopts a plurality of filters 1 3 having a fine wire mesh 
structure in which wires made of metal such as stainless 
steel are meshed. Each filter 13 captures and accumu- 
lates carbon particles PM from within the passing ex- 
haust gas 1 , then oxidizes and bums the cart>on parti- 
cles PM, thereby eliminating the carbon particles PM by 
about 5% to 80%, e.g., about 60% to 80%. In this man- 



ner, the carbon particles PM are reduced. 
[0071] The exhaust temperature of the exhaust gas 1 
is nomially about 600K and when the Diesel engine 11 
is operated at high speed, it becomes about 800K. The 
5 cartx)n particles PM captured and accumulated by each 
filter 13 naturally catch fire and bum at such an exhaust 
gas temperature. 

[0072] Thus, for example, about 60% to 80% of the 
carbon particles PM in the exhaust gas 1 are eliminated- 

10 The remaining 20% to 40% of the carbon particles PM 
are passed through each filter 13 to obtain a certain de- 
gree of particle size and then, are directly discharged to 
the open air. This level of discharge of the carbon par- 
ticles PM to the air is now taken as a permissible range. 
[0073] For example, the carbon particles PM of 200 
mg/m^ are reduced and/or eliminated through each fitter 
1 3 to 60 mg/m3. In other words, the cart)on particles PM 
are reduced and/or eliminated by about 70% (when sul- 
fur S is 50 ppm). 

20 [0074] Thus, in each filter 1 3 of the reducing appara- 
tus 12. the capture ratio and/or elimination ratio of car- 
bon particles PM have been set, for example, to about 
60% to 80% and about 5% to 30% in response to the 
predictable content of cartoon particles PM in the ex- 

25 haustgasl. 

[0075] Setting and/or adjustment to such a capture ra- 
tio and/or elimination ratio can be realized, taking the 
perfomnance of the Diesel engine 11 and the content of 
the carbon particles PM in the exhaust gas 1 into con- 

30 sideration, by selective combination of (a) adoption of 
the filters 13 with a wire mesh structure, (b) adhesion 
and coating of the oxidation catalyst such as Pt to each 
fitter 1 3, (c) combination of a pluralrty of filters 1 3 having 
different mesh densities, (d) existence or nonexistence 

35 of spaces 14 between each filter 1 3, (e) insertion or non- 
insertion of an auxiliary section 15 between each space 
14, etc. 

[0076] With reference to the reducing apparatus 12 
for cart)on particles PM, the following three descriptions 

*o are given, 

[0077] Rrst. under the improved capture ratio and/or 
elimination ratio of about 5% — 80%, e.g.. about 5% - 
30% and about 60% - 80% (remaricably reduced com- 
pared with the prior art of 95% or more), the carbon par- 

<s tides PM are captured and accumulated in a compara- 
tively small quantity by the plurality of filters 13 shown 
In the figure and then. Immediately oxidized and burnt. 
Accordingly, \t is possible to avoid a sharp temperature 
rise in each filter 13. The temperature of each fitter 13 

50 by oxidization and buming is normally controlled at the 
600K level. The maximum temperature Is about 900K 
and does not reach 1,200K. 

[0078] Thus, the breakage under high temperature 
heating of each filter 13 can be prevented. Since each 
55 filter 13 consists of a trapping wire mesh structure, ft Is 
flexible, and even though the carbon particles PM are 
accumulated, there is a degree of freedom. It is also 
easy to clean the cinders of the cariaon particles PM and 
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possible breakage can also be prevented from this as- 
pect. 

[0079] Secondly, since breakage of each filter 1 3 can 
be prevented as described above, the filter 13 repeats 
a cycle of the following regenerative use in order cap- 
ture and accumulation of new carbon particles PM 
oxidization and burning -> reduction and elimination 
capture and accumulation of new carbon particles PM 
oxidization and buming -^reduction and elimination. 
Thus, the filter 13 can repeat the cycle of regenerative 
use to be continuously used. It is therefore superior in 
durability. For example, the filter 13 can be continuously 
used for at least about 250 hours. 
[0080] Thirdly, it is also possible to avoid a harmful 
influence due to sulfur (S) contained in both the fuel and 
exhaust gas 1 of the Diesel engine 11. 
[0081] As descrit>ed above, the carbon particles PM 
in the exhaust gas 1 can be captured and accumulated 
in a comparatively small quantity at a capture ratio and/ 
or an elimination ratio of about 5% 80%, e.g., about 
60% — 80% and then Immediately oxidized and burned, 
thereby being reduced and/or eliminated. In this man- 
ner, it is possible to reduce the occun-ence of such a 
phenomenon whereby the sulfur (S) In the exhaust gas 
1 forms sulfate S04^. adheres to the carbon particles 
PM to make oxidization and buming difficult, causes 
clogging or the like. 

((Others)) 

[0082] First, the above can be further ensured by use 
in combination with a purifier 5 provided on the upstream 

side. 

[0083] Namely, this purifier 5 is provided on the up- 
stream side of the reducing apparatus 1 2 within the out- 
er cylindrical casing 21 of the catalytic converter 4. The 
purifier 5 has a honeycomb core 16 provided with celt 
walls 17 made of metal such as stainless steel to which 
an oxidation catalyst such as R adheres and is coated. 
The purifier 5 not only allows CO. HC. etc. in the exhaust 
gas 1 to oxidize and bum to reduce and eliminate them, 
but also allows NO in the exhaust gas 1 to oxidize to 
NO2 to be supplied to the downstream side. 
[0084] In this manner, oxidization, buming, reduction 
and elimination of the carbon particles PM are acceler- 
ated by NO2 which has come to be contained in the ex- 
haust gas 1 at the plurality of filters 13 of the reducing 
apparatus 12 for carbon particles PM on the down 
stream side. 

[0085] An accelerating function of oxidization and 
burning by NO2 is also ensured from the viewpoint of 
the temperature t>ecause the temperature of each filter 
13 is nomially controlled at the level of about 600K as 
described above. 

[OOOq Secondly, the above is further ensured by use 
in combination with a supply section 1 9 for a fuel additive 
18 shown in Fig. 2. 

[0087] Namely, the supply section 19 can supply a 



Diesel engine 11 with cerium and an oxidation catalyst 
such as PX as the fuel additive 18. The supply section is 
arranged in such a manner that supply, necessity of ad- 
dition, and amount of addition are controlled based on 
s a backpressure value detected by two (2) backpressure 
sensors SE provided near each filter 13- 
[0088] Thus, capture and accumulation, oxidization 
and buming, and reduction and elimination of cart>on 
particles PM are accelerated by the fuel additive 16 con- 
10 tained in the exhaust gas 1 at each filter 13 of the re- 
ducing apparatus 12 for carbon particles PM. 
[0089] Further description will be made hereunder re- 
garding the supply section 19. For example, the supply 
section 19 for the fuel additive 18 adds the fuel additive 
IS 18 in a ratio of 7.5 ml to 50 1 of fuel in a fuel tank 20. 
The fuel additive 18 of 7.5 ml contains about 5 ppm of 
Ce and at>out 0.5 ppm of Pt therein in the solvent. 
[0090] Necessity of addition and specific amount of 
addition or addition ratio of the fuel additive 18 by the 
20 supply section 19 are controlled and determined as fol- 
lows. Namely, the content of carbon particles PM in the 
exhaust gas 1 and size of capture ratio and/or elimina- 
tion ratio of the carbon particles PM are detected based 
on the Increase or decrease of a backpressure value 
25 detected by two (2) backpressure sensors SE and then 
controlled and determined in response thereto. 
[0091] In this manner, when the fuel additive 1 8 is con- 
tained in the exhaust gas 1 from the Diesel engine 11, 
Ce in the fuel additive 18 accelerates the capture and 
accumulation of carbon particles PM in the plurality of 
fitters 13 based on a synergistic effect. The oxidation 
catelyst such as Pt in the fuel additive 18 accelerates 
the oxidization and buming of cartx>n particles PM cap- 
tured and accumulated by each filter 13 based on the 
synergistic effect. 

[0092] Thus, the capture ratio and/or the elimination 
ratio of about 5% — 80%, e.g., about 60% ~ 80% of the 
cariaon particles PM in each filter 1 3, and oxidization and 
burning at the temperature level of at>out 600K are sure- 
ly realized. 

[0093] Thirdly, one or more backpressure sensors SE 
are provided near the fitters 13. Two (2) backpressure 
sensors SE are provided in the figure before and after 
the filters 13. 

[0094] The supply section 19 for the fuel additive 18 
is first controlled based on the backpressure detection 
value of both backpressure sensors SE as described 
above. Further, necessity of cleaning each filter 13 is 
also Judged based on the backpressure detection value 
of both backpressure sensors SE. 
[0095] Namely, cinders of carbon particles PM grad- 
ually adhere to each fitter 13, but the timing of cleaning 
and/or elimination of the cinders is recognized and 
sensed based on the kiackpressure detection value. A 
criterion for timing is, for example, about 25 Kpa. 
[0096] Fourth, one or more filters 13 are provided to 
have substantially the same diameter as the inner diam- 
eter of an outer cylindrical casing 21 of the catalytic con- 



35 



40 



45 



so 



7 



13 



EP 1 262 641 A1 



14 



verier 4 as shown in Fig. 1 , but various filter shapes can 
be adopted. 

[0097] For example, as shown in Rg. 3, a plurality of 
filters 1 3 can also be held within the outer cylindrical cas- 
ing 21 by a holder by providing a space 22 between the 
filters 1 3 and the outer cylindrical casing 2 1 . An opening 
24 for communication is formed in the central section of 
each filter 13. 

[0098] In Fig. 3. four (4) filters 1 3 are combined in con- 
tact which have the same outer diameter, and upper and 
lower spaces 22 are provided between the outer cylin- 
drical casing 21 and the filters 13. One filter on the most 
upstream side does not have the communication open- 
ing 24 formed and the remaining three (3) filters 13 are 
respectively provided with an opening 24 for communi- 
cattng with one another. These communication open- 
ings 24 are arranged to communicate with an exhaust 
pipe 3 on the downstream side. Reference numeral 25 
in Fig. 3 is a plate for closing one end of the filter 13 on 
the upstream side: 

[0099] In the reducing apparatus 12 for carbon parti- 
cles PM in Fig. 3, the other construction, function, oper- 
ation, etc. are based on those of Fig. 1 . Accordingly, the 
same reference numerals as in Fig. 1 are used herein 
and the description thereof Is omitted. 

((Effect of the invention)) 

((Characteristics of the present invention)) 

[0100] As described above, a reducing apparatus for 
cart>on particles according to the present invention Is 
characterized In that one or more filters with a wire mesh 
structure are provided. 

[0101] Further, the filters are characterized In that an 
oxidation catalyst such as platinum adheres to and is 
coated, a plurality of filters with different mesh densities 
is provided, and a space and an auxiliary section are 
provided between the filters, wherein the capture ratio 
and/or the elimination ratio for carbon particles are set 
to about 5% ~ 80%. e.g.. about 60% ~ 80%. The re- 
dudng apparatus Is characterized in that nitrogen diox- 
ide supplied from a purifier on the upstream side Is uti- 
lized, or cerium and an oxidation catalyst such as plati- 
num are used as a fuel additive for which the addition is 
controlled by one or more backpressure sensors. 
[0102] The present Invention has the following ef- 
fects. 

({First effect)) 

pi 03] First, heat breakage etc. can be prevented. 
Namely, a reducing apparatus for carbon pariicles ac- 
cording to the present invention is provided, in which a 
capture ratio and/or an elimination ratio of carbon parii- 
des are set to about 5% ^ 80%, e.g.. about 60% ~ 80%. 
[0104] The carbon particles are soon oxidized and 
burned in a small quantity before they are captured and 



accumulated in a large quantity. Thus, a sharp temper- 
ature rise in the fitters can be avoided and the temper- 
ature is controlled at a comparatively lower level. 
[0105] Further, this can be ensured by utilizing nitro- 
5 gen dioxide supplied from the purifier on the upstream 
side, or by using cerium and an oxidation catalyst such 
as platinum as a fuel additive. 

[0106] In the conventional eliminating apparatus for 
cartx)n particles made of ceramics, a large amount of 

10 cart>on particles is captured and accumulated, and then 
oxidized and burnt at one time. As a result, the capture 
ratio and/or the elimination ratio t)ecome 95% or more 
and the maximum temperature is about 1,200K. On the 
contrary. In the reducing apparatus for carbon particles 

IS according to the present invention, the temperature Is 
controlled at a lower level and the heat breakage of the 
filters under high temperature can be prevented. 
[01 07] Since the filters comprise a wire mesh struc- 
ture, they are fiexibie and cleaning can be easily done. 

20 The reducing apparatus according to the present inven- 
tion is therefore superior in strength and can not be bro- 
ken easily compared with the conventional eliminating 
apparatus made of ceramics. 

25 ((Second effect)) 

[01 08] The reducing apparatus for cart)on particles is 
superior in durability. Namely, the reducing apparatus 
for carfc>on particles according to the present invention 
30 is not easily broken as described above and heat break- 
age under high temperature can also be prevented. 
[0109] The reducing apparatus according to the 
present invention can repeat, in order, the cycle of cap- 
ture and accumulation of carbon particles oxidization 
35 and buming — > reduction and elimination — > regenera- 
tive use to be continuously used. 
[01 10] Although the conventional eliminating appara- 
tus breaks in about one week as heat breakage under 
high temperature occurs, the reducing apparatus ac- 
40 cording to the present invention is superior in durability 
and cost t>ecause its life expectancy is long. 

((Third effect)) 

[01 11] A harmful infiuence due to sulfur can also be 
avoided. Namely, in the reducing apparatus for cartx>n 
particles according to the present invention, the carbon 
particles in the exhaust gas are captured and accumu- 
lated in a comparatively small quantity as described 
above, and then oxidized and bumt quickly, thereby re- 
ducing and/or eliminating them. 
[01 12] Since the capture ratio and/or the elimination 
ratio of the conventional eliminating apparatus are 95% 
or more, there is every possibility that the sulfur con- 
tained in the exhaust gas will form a sulfate and adhere 
to the cart>on particles to make oxidization and buming 
difficult, causing clogging or the like. However, in the re- 
ducing apparatus according to the present invention, it 
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is possible to remarkably reduce such a possibility. Such 
a harmful influence can be avoided in the reducing ap- 
paratus according to the present invention even though 
sulfur of about 50 ppm through 500 ppm is contained in 
the exhaust gas. 5 
[0113] As described above» in the reducing apparatus 
according to the present invention, ttie temperature of 
one or more filters is controlled at a comparatively lower 
level. Accordingly, nitrogen dioxide supplied from the 
purifier on the upstream side can surely exhibit a func- f o 
tion of accelerating oxidization and burning carbon par- 
ticles which is not available in the conventional eliminat- 
ing apparatus. Thus, in the reducing apparatus accord- 
ing to the present invention, a harmful influence due to 
sulfur can be avoided. is 
[0114] As described above, all the problems found in 
the conventional eliminating apparatus can be solved 
by the present invention and therefore, the effect that 
the present invention exhibits Is remarlcably great. 



Claims 

1. An apparatus for reducing the amount of cart>on 
particles is provided, in which one or more filters 
having a wire mesh structure are caused to capture, 
oxidize, and eliminate cart>on particles such as soot 
and smoke in the exhaust gas. 

Z The apparatus for reducing cart>on particles ac- 30 
cording to claim 1, wherein the filters comprise a 
wire mesh structure in which wires made of metal 
such as stainless steel are meshed and are housed 
in an outer cytindrical casing, wherein the filters are 
caused to capture the carbon particles contained in 35 
the exhaust gas of a Diesel engine from within the 
passing exhaust gas, and to accumulate, oxidize 
and bum the cartx>n particles, thereby reducing 
and/or eliminating them, wherein the filters are re- 
generated in order to be continuously used thereat- 
ter. 

3. The apparatus for reducing cartx)n particles ac- 
cording to claim 2, wherein an oxidation catalyst 
such as platinum adheres to and is coated on the 
wires of the filters. 

4. The apparatus for reducing carbon particles ac- 
cording to claim 2, wherein a plurality of filters is pro- 
vided from the upstream side toward the down- so 
stream side and filters having different mesh densi- 
ties are used therein. 

5. The apparatus for reducing cartx>n particles ac- 
cording to claim 4, wherein some filters are provided ss 
with spaces in a lateral direction therebetween. 

6. The apparatus for reducing carbon particles ac- 



cording to claim 5. wherein some spaces between 
the filters are provided with an auxiliary section 
therein, and the auxiliary section consists of a hon- 
eycomb core made of metal such as stainless steel 
with an oxidation catalyst such as platinum adher- 
ing to and coated on the cell walls of the honeycomb 
core. 

7. The apparatus for reducing cart>on particles ac- 
cording to claim 4, wherein the filters are held within 
an outer cylindrical casing by providing a space be- 
tween the casing and the filters, and provided with 
an opening for oommunicati'on at each central sec- 
tion thereof. 

8. The apparatus for reducing carbon particles ac- 
cording to claim 2, wherein a capture ratio and/or 
an elimination ratio of the cartx>n particles are set 
to about 5% - 80%. e.g., about 60% - 80%. 

9. The apparatus for reducing cart)on particles ac- 
cording to daim 2 or claim 3, wherein the apparatus 
is used together with a purifier provided on the up- 
stream side of the outer cylindrical casing, and the 
purifier comprises one or more honeycomb cores 
made of metal such as stainless steel with an oxi- 
dation catalyst such as platinum adhering to and 
coated on the cell walls of the honeycomb core, 
wherein the honeycomb cores are caused to oxidize 
and bum CO, HC, etc. contained In the exhaust gas, 
reduce and eliminate them, and cause NO to oxi- 
dize to NO2, thereby supplying NO2 to the down- 
stream side, and wherein oxidization and buming, 
and reduction and elimination of the cartx>n parti- 
cles in the fitters are accelerated by NO2 which has 
come to be contained in the exhaust gas. 

10. The apparatus for reducing carbon particles ac- 
cording to claim 2, wherein the apparatus is used 
together with one or more supply sections for a fuel 
additive which can supply a Diesel engine with ce- 
rium and an oxidation catalyst such as platinum as 
a fuel additive, wherein the fuel additive which has 
come to be contained In the exhaust gas acceler- 
ates capture and accumulation of the carbon parti- 
cles in the filters, oxidization and burning, and re- 
duction and elimination of the carbon particles. 

11. The apparatus for reducing carbon particles ac- 
cording to claim 10. wherein one or more backpres- 
sure sensors are provided near the filters, and the 
supply section is arranged in such a manner that 
the necessity of supply of the fuel additive and/or 
the amount of addition thereof are controlled based 
on a backpressure value detected by the backpres- 
sure sensors. 
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